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Abstract

In previous work, we presentebc?®, a semantic framework for understandibgta
Description Languagesa class of domain-specific languages for declaratively de-
scribing data formats for the purpose of automatically constructing format-specific
data-processing tools. However, our initial workmnc® told only a fraction of the
semantic story concerning data description languages. Many data description lan-
guages not only provide parsers, but also other tools. Amongst the most common
auxiliary tools are printers, as reliable communication between programs depends
upon both input (parsing) and output (printing). In this work, we have defined the
semantics of printers fasbc?, thereby specifying more completely the relationship
between raw data and in-memory data, for any given format descritzndh. We

also prove a collection of theorems for the new semantics that serve as duals to our
theorems concerning parsing. This new printing semantics has many of the same
practical benefits as our older parsing semantics: We can use it as a check against the
correctness of our printer implementations and as a guide for the implementation of
future data description languages.

1 INTRODUCTION

Data description languagesre a class of domain specific languages for specifying
ad hoc data formatdrom billing records to TCP packets to scientific data sets to
server logs. Examples of such languages include fPax99],DATASCRIPT[Bac02],
DEMETER][Lie88], PACKETTYPES[MCOOQ], PADS/C [FGO05],PADS/ML [MFW T07]
and XSUGAR [BMSO05], among others. All of these languages generate parsers
from data descriptions. In addition, and unlike conventional parsing tools such
as Lex and Yacc, many also automatically generate auxiliary tools ranging from
printers toxML converters to visitor libraries to visualization and editor tools.

In previous work, we developed timta Description CalculugbDc), a calcu-
lus of simple, orthogonal type constructors, designed to capture the core features of
many existing type-based data description languages [FMWO06a, FMWO06b]. This
calculus had a multi-part denotational semantics that interpreted the type construc-
tors as (1) parsers that transform external bit strings into internal data representa-
tions andparse descriptorgrepresentations of parser errors), (2) types for the data
representations and parse descriptors, and (3) types for the parsers as a whole. We
proved that this multi-part semantics was coherent in the sense that the generated
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Kinds kK = T|T—K|0—K
Types 1 = C(e)|AXT|Te|ZXT.T|T+T
|  {xt|e}|a|pa.T|Aa.T|TT]...

FIGURE 1. DpDC? syntax

parsers always have the expected types and generate representations that satisfy an
importantcanonical formdemma.

The bbc has been very useful already, helping us debug and improve several
aspects of PaDs/c [FGO5], and serving as a guide for the design of
PADS/ML [MFW™07]. However, this initial work on thepc told only a fraction
of the semantic story concerning data description languages. As mentioned above,
many of these languages not only provide parsers, but also other tools. Amongst
the most common auxiliary tools are printers, as reliable communication between
programs, either through the file system or over the Web, depends upon both input
(parsing) and output (printing).

In this work, we begin to address the limitationsoaic by specifying a print-
ing semantics for the various features of the calculus. We also prove a collection
of theorems for the new semantics that serve as duals to our theorems concerning
parsing. This new printing semantics has many of the same practical benefits as
our older parsing semantics: We can use it as a check against the correctness of
our printer implementations and as a guide for the implementation of future data
description languages.

In this paper, we give an overview of the calculus, its dual semantics and
their properties. A companion technical report contains a complete formal spec-
ification [MFW'06]. In comparison to our previous work on tb®c at POPL
06 [FMWO06a], the calculus we present here has been streamlined in several subtle,
but useful ways. It has also been improved through the addition of polymorphic
types. We call this new polymorphic varianbc®. These improvements and ex-
tensions, together with proofs, appear in Mandelbaum’s thesis [Man06] and in a
recently submitted journal article [FMWO6b]. This abstract reviewsothe® and
extends all the previous work with a printing semantics and appropriate theorems.
To be more specific, sections 2 through 4 present the extemole® calculus, fo-
cusing on the semantics of polymorphic types for parsing and the key elements of
the printing semantics. Then, Section 5 shows that both parsers and printers in the
DDC® are type correct and furthermore that parsers produce pairs of parsed data
and parse descriptors @anonical form and that printers, given data in canonical
form, print successfully. We briefly discuss related work in Section 6, and conclude
in Section 7.
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2 DDCY SYNTAX

Figure 1 presents the syntax bbc®. The syntax is parameterized by that of a
host language- the language in whiclbhbc® parsers and printers are encoded.
For concreteness, the host languag®b€® is a straightforward extension &%,

with recursion and a variety of useful constants and operators. The simple$t
description is a base tyfige). The base type’s parameteis an expression drawn

from the host language. ThaDs/ML typePstring is an example of such a base
type. Structured types include value abstractiert and applicatiort e, which

allow us to parameterize types by host language values. The dependent sum type,
> x:1.T, describes a pair of values, where the value of the first element of the pair
(X) can be referenced when describing the second element. Variation in a data
source can be described with the sum tyget, which deterministically describes

a data source that either matches the first type, or fails to match the first branch
but does match the second one. We specify semantic constraints over a data source
with type {x:T| e}, which describes any data that satisfies the descriptard the
predicates. Within host language expressiefthe valuex is bound to the result of
parsing the data according Type variablesx are abstract descriptions; they are
introduced by recursive types and type abstractions. Recursiveigipedescribe
recursive formats, like lists and trees. Type abstrackiorr and applicatiornt t

allow us to parameterize types by other types. Type variablalsvays restricted

to monomorphic types (type with kind).

To specify the well-formedness of types, we use a kinding judgment of the
form A;T =1 : K, whereA maps type variables to kinds afidnaps host language
value variables to host language types. ( The interpretation of a type with kind
T is a parser that maps data from an external form into an internal one. A type
with kind T — K is a function mapping a parser to the interpretation of a type with
kind k. Finally, types with kindo — k map values with host language typdo
the interpretation of types with kinkl. For concreteness, we addp as our host
language. In our original work [FMWO06a], the kinding rules were somewhat
unorthodox, but we have since simplifed them. Details appear in the companion
technical report [MFW 06].

3 HOST LANGUAGE

The host language afpc® is a straightforward extension &%, with recursion

and a variety of useful constants and operators. The constants include bitstrings
B; offsetsw, representing locations in bitstrings; and error codeserr, and

fail, indicating success, success with errors, and failure, respectively. We use the
constanhone to indicate a failed parse. Because of its specific meaning, we forbid
its use in user-specified expressions appearimpio® types. We use the notation

bs; @ bs, to append bit strings; to bs,. Our base types include the typene,

the singleton type of the constaméne, and typesrrcode andoffset, which
classify error codes and bit string offsets, respectively.
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[T] rep= O

[C(e)] rep = Bype(C) +none
[Ax.1] rep = [T rep

[te] rep = [1] rep
[ZX:T1.12] rep [[Tl]]rep [t Hrep
[[T1+T2]]rep [[Tlﬂrep [t ]]rep
[{xtle}lep = [lrept[trep
[[ H rep = C‘(NP

[po.1] rep = uarep'[[r]] rep
[Aa. T]]rep = )\Grep.[['l']] rep
[taT2] rep = [t4] rep[[-[z]] rep

FIGURE 2. Representation type translation, selected constructs

We extend the formal syntax with some syntactic sugar for use in the rest of
this section: anonymous functiois.e for fun f x = e, with f ¢ FV(e); span for
offset xoffset. We often use pattern-matching syntax for pairs in place of ex-
plicit projections, as i\ (B,w).e andlet (w,r,p) = ein €. Although we have no
formal records with named fields, we use a dot notation for commonly occuring
projections. For example, for a pairof rep and PD, we use.rep andx.pd for
the left and right projections of, respectively. Also, sums and products are right-
associative. Finally, we only specify type abstraction over terms and application
when we feel it will clarify the presentation. Otherwise, the polymorphism is im-
plicit. We also omit the usual type and kind annotationd\pwith the expectation
the reader can construct them from context.

The static semantic®\(I" - e : 0), operational semantice (- €), and type
equality @ = d’) are those of, extended with recursive functions and recursive
types and are entirely standard. See Pierce’s text [Pie02] for details.

4 DDC® SEMANTICS

The primitives ofbbc® each have four interpretations: two types in the host lan-
guage, one for the data representation itself and one for its parse descriptor, and two
functions, one for parsing and one for printing. We therefore specify the semantics
of bDC? types using four semantic functions, each of which precisely conveys a
particular facet of the meaning of a type. The functi§n,, and[[- |, describe

the type of the data’s in-memory representation and parse descriptor, respectively.
The semantic functiong- ], and| - [ o, define the parsing and printing functions
generated fronrmbc® descriptions.
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[C(e)]pp = pd_hdr*unit
[AX-T]pp = [llpp
[tepp = [Jep
[ExT1Tolpp = pd-hdr [Tallop [T2]ep
[ti+T2)pp = pd-hdr*([Ta]lpp+ [T2]pp)
[(xtle}lpp = pdhdr[Tpp
[a]pp = pd_-hdr *Oppyp
[[HG'T]]PD = pdlldr * UGPDb' [[THPD
[Aa.1pp = Adppp.[T]pp
[t1t2]lep = [talpollt2]lpob
[tppp=0
[tpp, = 0 where[t]pp=pd-hdr=*0

FIGURE 3. Parse-descriptor type translation, selected constructs

4.1 bDCY representation types

In Figure 2, we present the representation type of selamext primitives. While

the primitives are dependent types, the mapping to the host language erases the de-
pendency because the host language does not have dependent types. This involves
erasing all host language expressions that appear in types as well as value abstrac-
tions and applications. A type variabdein bbc?® is mapped to a corresponding

type variablea,., in F,. Recursive types generate recursive representation types
with the type variable named appropriately. Polymorphic types and their applica-
tion becomer, type constructors and type application, respectively.

4.2 DDC? parse descriptor types

Figure 3 gives the types of the parse descriptors corresponding to sebestéd

types. All parse descriptors share a common structure, consisting of two compo-
nents, a header and a body. The header reports on the corresponding representation
as a whole. It stores the number of errors encountered during parsing, an error
code indicating the degree of success of the parse—success, success with errors, or
failure—and the span of data (location in the source) described by the descriptor.
To be precise, the type of the headgd hdr) is int x errcode * span. The body
contains parse descriptors for the subcomponents of the representation. For types
without subcomponents, we ugeit as the body type. As with the representation
types, dependency is uniformly erased.
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[tKlpr=0

[CTpr = Dbitsxoffset — offset [T on* [Tpp
[to—=K]pt = 0—[1eK]py foranye
[T =K[py = VOrep.Voppy.[0:T]pr — [TAK]pr (Orep,Opps & FTV(K)UFTV(T))

FIGURE 4. Hostlanguage types for parsing functions

[t:K]ppr=0

[t:Tlepr = [trepx [tlpp — Pits

[t:0 = K]ppr = 0— [TeK]ppy foranye

[T —Klppr = V0rep-Vopps. [0:T]|ppr— [T A:K]ppr  (Crep, Oppp & FTV(K) UFTV(T))

FIGURE 5. Hostlanguage types for printing functions

Like other typespDC?® type variablesa are translated into a pair of header
and a body. The body has abstract typg,. This translation makes it possible
for polymorphic parsing code to examine the header of a PD, even though it does
not know thebbc® type it is parsing.DDC?® abstractions are translated irfeg
type constructors that abstract the body of the PD (as opposed to the entire PD)
andbbpc?® applications are translated infg type applications where the argument
type is the PD body type.

4.3 DDC? parsing semantics.

The parsing semantics of a typevith kind T is a function that transforms some
amount of input into a pair of a representation and a parse descriptor, the types of
which are determined by. The parsing semantics for types with higher kind are
functions that construct parsers, or functions that construct functions that construct
parsersetc. Figure 4 specifies the host-language types of the functions generated
from well-kindedpbpc® types.

For each (unparameterized) type, the input to the corresponding parser is a bit
string to parse and an offset at which to begin parsing. The output is a new offset,
a representation of the parsed data, and a parse descriptor.

For any type, there are three steps to parsing: parse the subcomponents of the
type (if any), assemble the resultant representation, and tabulate meta-data based
on subcomponent meta-data (if any). For the sake of clarity, we have factored the
latter two steps into separate representation and PD constructor functions which
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IXTU]p=

A(B,w).
let ((d,r,p) = [[THP (Baw) in
let x = (r,p) in

let (o',r',p') = [U]p (B,w) in
(wl,Rz(r,rl),Pz(p,p/»

[t+7]p=

A(B,w).
let ((.d,r,p) = [[THP (B’(*)) in
if isOk(p) then

(0, Ri1est(r),Priese(P))

elselet (w,r,p) = [U]p (B,w) in
(0, Rirignt(T),Pirignt(P))

[{xt|e}]p =

A(B,w).
let ((darap) = [[THP (Baw) in
let x = (r,p) in

letc=ein
(0¥, Reon(C,T),Peon(c,P))
[a]p = parseq
[ha 1] =
fun parseqy (B,w) : offset *x 01 %02 =
let (w,r,p) =
[t]lp[01/0zep][a3/OtpD1] (B, W)
(o, fold[oy]r, (p.h,fold[os]p))
whereo; = [[pa.T]] rep 02 = [[HCLT]]PD?
andas = [[Hot.T]ppy,
[Aa.T]p = AOrep.AOppy.Aparseq.[T]|p

[t1t2]lp = [tallp [[telegl [[T2llponl [T2lp

FIGURE 6.
lected constructs

X=7

DDC?® parsing semantics, se-

[er=e

C(e)lpp=A(r,pd).Bop(C) (€) (r,pd)
AT pp=AX[T]pp
T€lpp=[Tppe

[
[
[
[

ZXT1.T2lpp=
A(z,pd).
let x=(r.1,pd.2.1) in

let bsy = [T1]ppx in
let bsy = [T2]pp(r.2,pd.2.2) in
bSl @ bSQ
[t1+T2fpp=
A(r,pd).
case (r,pd.2) of
| (inlry,inlpy) =
| (inr ry,inr py) =
| -= badInput()

[T1]lpp (r1,P1)
[T2llpp (T2, P2)

[{xt|e}lpp=

A(r,pd).
case (r,pd.2) of
| (inl r1,p1) = [Tlpp (r1,p1)
| (inr r2,p2) = [Tlpp (r2,p2)

[aflpp= printq
(Mo T]|pp=
fun printy (r:0p,pd:03):bits=
[[T]]Pp[ol/arep] [03/GPDb]
(unfold[0y]r,unfold[03]pd.2)
whereo; = [“'la-_[ﬂrepvo-z = [1a.T]pp,
andas = [[Ha.T]jppy,

AT pp = Al Alppy Aprinte. [Tp

[t1t2]lpp= [tallpp [[Tellrepl [[T2]lponl [T2]rp

FIGURE 7. bDC? printing semantics,
selected constructs



we define for each type. For example, the representation and PD constructors
for the dependent sums akg and Py, respectively. We have also factored out
some commonly occuring code into auxiliary functions. These constructors and
functions appear in the companion technical report [MF®8].

The PD constructors determine the error code and calculate the error count.
There are three possible error code, err, andfail, corresponding to the
three possible results of a parse: it can succeed, parsing the data without errors;
it can succeed, but discover errors in the process; or, it can find an unrecoverable
error and fail. The error count is determined by subcomponent error counts and
any errors associated directly with the type itself.

Figure 6 specifies the parsing semantics of a selected portiomof. We
explain the interpretations of select types, from which the interpretation of the
remaining types may be understood. The full semantics appears in the technical
report [MFW'06]. A dependent sum parses the data according to the first type,
binding the resulting representation and PDx teefore parsing the remaining data
according to the second type. It then bundles the results using the dependent sum
constructor functions.

A type variable translates to an expression variable whose name corresponds
directly to the name of the type variable. These expression variables are bound
in the interpretations of recursive types and type abstractions. We interpret each
recursive type as a recursive function whose name corresponds to the name of the
recursive type variable. For clarity, we annotate the recursive function with its type.
We interpret type abstraction as a function over other parsing functions. Because
those parsing functions can have arbitramyc® types (of kindT), the interpre-
tation must be a polymorphic function, parameterized by the representation and
PD-body type of the@Dc® type parameter. For clarity, we present this type param-
eterization explicitly. Type applicationy T, simply becomes the application of the
interpretation oft; to the representation-type, PD-type, and parsing interpretations
of 1.

4.4 pDCY printing semantics

The definition of the printing semantics formac® description uses a similar set

of concepts as the parsing semantics. To begin, the semantic fufitédppr= 0

gives the host language typefor the printer generated from tygewith kind k.

As shown in Figure 5, the printing semantics for descriptions with higher kind are
functions that construct printers, while the printing semantics for descriptions with
base kind are simple first-order functions that map a representation and a parse
descriptor into a string of bits.

Figure 7 presents the printing semantics of selected® constructs. Base
typesC(e) are printed in various ways according to the definitiy, which is a
parameter to the semantics. The base type priitgraccepts the parse descrip-
tor as a parameter, and in the case of an error, prints nothing. Dependent sums
print one component and then the next in order. An ordinary sum prints the un-
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derlying tagged value. Notice that the structure of the parse descriptor and the
representation should be isomorphic — both should be left injections or both should
be right injections. Any pair of structures generated by the parser are guaranteed
to satisfy this invariant. If the pair do not match, then the programmer is using the
printer incorrectly. In this case, the printer calls an unspecified error routine named
badInput().

The semantics of printing recursive and parameterized types follows similar
lines to the semantics of parsing these constructs. In particular, whenever a type
parameter is introduced in the syntax of a description, a corresponding value pa-
rameter with printer function type is introduced in the generated printer code. We
give the value parameter the nament,. Both type abstractions and recursive
functions introduce such parameters. Notice that whereas the parsing semantics
uses a fold to build a recursive data structure when interpreting a recursive type,
the printing semantics uses an unfold to deconstruct a recursive data structure for
printing.

5 METATHEORY

To validate our semantic definitions, we have proven two key metatheoretic re-
sults. First, we show that parsers and printerstgpe-correct always returning
representations and parse descriptors of the appropriate type. Second, we give a
precise characterization of the results of parsers and input requirements of printers,
by defining thecanonical formsf representation-parse descriptor pairs associated
with a dependerbbc® type.

5.1 Type Correctness.

Demonstrating that generated parsers and printers are well formed and have the
expected types is nontrivial primarily because the generated code expects parse
descriptors to have a particular shape, and it is not completely obvious they do in
the presence of polymorphism. Hence, to prove type correctness, we first need to
characterize the shape of parse descriptors for arbitagf types.

Unfortunately, the most straightforward characterization is too weak to prove
directly, and hence Definition 1 specifies a much stronger property as a logical
relation. Lemma 2 establishes that the logical relation holds of all well-formed
pDC? types by induction on kinding derivations, and the desired characterization
follows as a corollary.

Definition 1
e H(t:T)iff 30 s.t. [[T]]pp = pd-hdr x 0.

e H(1: T —K) iff 30 s.t. [T] pp = 0 and whenever H(T' : T), we have H(TT':
K).

e H(t:0—K) iff 30 s.t. [T pp = 0’ and H(te: K) for any expression .
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Lemma 2
IfA;T 1K then H(T : K).

Lemma 3
o IfA;l F1:K then 30.[t]]pp = 0.

o IfA;T F1:T then 30.[1] pp = pd_hdr *O.

With this lemma, we can establish the type correctness of the generated parsers
and printers. We prove the theorem using a general induction hypothesis that ap-
plies to open types. This hypothesis must account for the fact that any free type
variables in abbc® type t will become free function variables ift],. To that
end, we define the functiorfé\ o and [A]|ppr Which map type-variable contexts
A in the DDC? to value-variable contexts in F,. In addition, the functior|A||
generates the appropridfg type-variable context from thebc® contextA.

[ = |8, 0T = [|A[], Ozep: T, Otppp: T
[lpr=" [A,0:T]pr = [Aflpr, parseq:[a:T]pr
[-lppr=" [A,0:T]lppr= [Allppr printa:[a:T]ppr

Lemma 4 (Type Correctness Lemma)
o IfAT F1:K then [|A[,T,[AlprF [Tp: [TK]pr

o IfAT F1:k then [|A[,T, [Alppr - [Tpp : [T:K] ppr-

Proof: By induction on the height of the kinding derivation. |

Theorem 5 (Type Correctness of Closed Types)
o If-1:Kthent [[t]p: [TK]pr

o Ift-T:K thent 1] pp : [TK] ppr-

5.2 Canonical Forms for Parsed Data.

DDC® parsers generate pairs of representations and parse descriptors designed to
satisfy a number of invariants. Of greatest importance is the fact that when the
parse descriptor says there are no errors in a particular substructure, the program-
mer can count on the representation satisfying all of the syntactic and semantic
constraints expressed by thec® type description. When a parse descriptor and
representation satisfy these invariants, we say the pair of data structurean®m

ical form. While generated parsers produce canonical outputs, generated printers
expect canonical inputs.

For eachbDC? type, its canonical forms are defined via two (mutually recur-
sive) relations. The first relation, Candn p), defines the canonical form of a
representation and a parse descriptgrat normal types. Normal typesare those
closed types with base kinfthat are defined in Figure 8. Types with higher kind
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Normal Types v = C(e) | AX.T|ZXT.T|T+T1|{xT|€e}|pa.T|Aa.T
Types T = v]|te|tT|a

FIGURE 8. DDC® normal types, selected constructs

such as abstractions are not described by this relation as they cannot directly pro-
duce representations and PDs. Another relation, Cafop) (formal definition
omitted) normalizes, thereby eliminating outermost type and value applications.
For brevity, we writep.h.nerr as p.nerr and usepos to denote the function that
returns zero when passed zero and one when passed another natural number.

Definition 6 (Canonical Forms (selected constructs))
Canon(r, p) iff exactly one of the following is true:

e Vv=C(e) andr = inl c and p.nerr = 0.
e V=C(e) and r = inr none and p.nerr = 1.

e V=3XTy.T2andr = (rq,r2) and p= (h,(p1, p2)) and h.nerr=pos(ps.nerr)+
pos(pz.nerr), Canoriy, (ry, p1) and Canoriy, (. p) (2, P2)-

e V=T1+Toandr =inlr" and p= (h,inl p’) and h.nerr = pos(p'’.nerr)
and Canori, (r',p').

e V=T1+Tzandr = inr 1’ and p= (h,inr p') and h.nerr = pos(p’.nerr)
and Canori, (r',p').

e v={xte}, r=1inlr’ and p= (h,p'), and h.nerr = pos(p'.nerr) and
Canoriy (r',p') and €[(r', p') /x] —* true.

e v={xT1|e},r =inrr’ and p= (h,p’), and h.nerr = 1+ pos(p’.nerr) and
Canoriy(r',p') and €[(r', p') /x| —* false.

o v =pa.t, r = fold[[po.T] . ]r", p= (hfold[[po.U]pp] P'), p.nerr=
p’.nerr and Canoriy g v /q) (', P').

The first part of Theorem 7 states that parsers for well-formed types (of base
kind) produce a canonical pair of representation and parse descriptor if they pro-
duce anything at all. Conversely, the second part states that, given a canonical rep-
resentation and parse descriptor, the printer for well-formed types (of base kind)
will not “go wrong” by calling thebadInput() function.

Theorem 7 (Parsing to/Printing from Canonical Forms)
o If-1:T and [1]p (B,w) —* («,r, p) then Canori(r, p).

e Ift-1: T, Canori(r,p) and [t pp (r, p) —* e then e # badInput().
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6 RELATED WORK

There are other formalisms for defining parsers, most famously, regular expres-
sions and contex-free grammars. In terms of recognition power, our type theory
contains dependency and hence easily expresses languages that are not context-
free. Perhaps more importantly though, unlike standard theories of context-free
grammars, we do not treat our type theory merely as a recognizer for a collection
of strings. Our type-based descriptions define external data formats, rich invari-
ants on the internal parsed data structures and parser and printer functions to relate
them. This multi-part interpretation of types lies at the heart of tools suehEs

As mentioned in the introduction, there are many domain-specific specifica-
tion languages that allow users to write down descriptions of data and generate
tools from them [Bac02, Lie88, MC00, FG05, MFW7, BMS05]. Many of these
projects contain great ideas, but we would like to highlight just two of them:
DEMETER [Lie88] and XSUGAR [BMS05]. DEMETER generates a number of
different kinds of visitor patterns, including visitors for printing, from high-level
type-based descriptions calleldss dictionariesXSUGAR is a specialized tool for
converting back and forth from ad hoc dataxL . A static analysis guarantees
that XSUGAR’s generated transforms are inverses of one another, something we
have not yet proven fawbc®. On the other hand, neitherHMETER Nnor XSUGAR
supports dependent types or polymorphism.

There is also a clear relation between our work and the parser/printer combi-
nator libraries developed for many functional programming languages. One dif-
ference between thedbc® and, for instance, Haskell combinator libraries [HM98,
Wad03], is that a singleDc® description specifies multiple program(,a parser
and a printer) whereas a program built from Haskell combinators will generally
only specify one thing — either a parser or a printer.

The bbc® and its semantics are also closely tiedtype-directedprogram-
ming techniques [HM95, JJ97, CW99, Jan00, Hin00]. Of particular interest is the
elegant work by Jansson and Jeuring on polytypic data conversions [JJ99, JJ02].
These authors demonstrate how to program a variety of different data transforma-
tion functions together with their inverses in PolyP, a type-directed extension of
Haskell. For instance, they describe a generic compressing printing/parsing algo-
rithm, a generic noncompressing (“pretty”) printing/parsing algorithm, and a “data
extraction” (merge) algorithm that separates (merges) primitive data from (into) its
containing structure. The authors prove that each function pair is invertible — print
followed by parse is the identity (though not necessarily the other way around),
which is a substantially stronger correctness property than any we have proven in
this paper.

What makes our work here and the overalbs project independently interest-
ing from Jansson and Jeuring’s is our domain-specific focus. For instance, whereas
Jansson and Jeuring show how to parse and printraegnal data structureADS
focuses on parsing and printing aexternalformat — there is a shift in goal. In
addition,PADS provides the capability to generate a number of format-specific pro-
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grams specially designed for ad hoc data processing including an XML translator,
qguery engine, formatter and statistical analysis. This domain-specific collection of
tools allows one to useaDsto rapidly investigate, query and transform new, unan-
ticipated data formats that show up at one’s doorstep without advanced warning. It
is also important to note thanbsis compiled for performance reasons and this is
reflected in our denotational semantics, which is quite different from the semantics
used by Jansson and Jeuring.

7 CONCLUSIONS

ThepbbDc?, a dependent data description calculus, now has both parsing and print-
ing semantics. Moreover, these semantics have been proven to satisfy important
type correctness and canonical forms theorems. In the future, we hope to provide
semantics for other tools generated by data description languages in general, and
the PADS family of languages in particular. The ease with which we were able to
augment our existing semantic framework with a printing semantics suggests this
goal is within our reach.
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